that cognitive processes are crucial for the maintenance of this disorder [2] [3] [4] [5] . Studies investigating cognitive biases provide convincing empirical support for the notion that panic disorder is associated with various cognitive biases, such as an attentional bias. In investigating the attentional bias, an emotional Stroop task can be applied. In the procedure of the emotional Stroop task, the participant is required to name the color of threat-related words and neutral words as quickly as possible, while ignoring the meaning of the words. Delays in processing the color of the words ('Stroop interference effect') occur when the meaning of the word attracts the subjects' attention, despite their efforts to attend to the ink of the word. Consequently, higher interference scores reflect an increased attentional bias, which is defined as the delay in color naming of threatening words compared to neutral words.
Introduction
Over the past two decades, many clinical researchers have been interested in elucidating the cognitive processes underlying panic disorder [1] . Indeed, influential psychological models of anxiety disorders have postulated risk for developing panic disorder. Especially, because several family studies have established that panic disorder runs in families [10] [11] [12] , Biederman et al. [12] concluded that parental panic disorder, regardless of comorbidity with major depression, was associated with an increased risk for panic disorder and agoraphobia in the offspring. Furthermore, findings from behavioral genetic studies point to the genetic influence on anxiety in childhood, which accounts for around one third of the variance in most cases [13] . Thus, offspring of patients with panic disorder are a group at risk for developing the disorder.
Stroop studies with clinical and nonclinical anxious children have so far provided inconsistent results. While an interference effect was found in clinical anxious children [14] [15] [16] [17] , several other studies could not find an attentional bias [18] [19] [20] . Stroop studies with risk groups for psychopathology have also presented conflicting results. Several studies suggest that panic attacks are associated with an increased likelihood of panic disorder and of a wide range of mental disorders [21, 22] . Ehlers et al. [6] investigated nonclinical individuals with panic attacks and demonstrated a similar Stroop interference effect regarding panic-relevant words, as shown by individuals with panic disorder. Another study investigated individuals with high versus low anxiety sensitivity with a Stroop test [23] . High-anxiety-sensitive individuals showed significantly greater interference in physical threat words than low-anxiety-sensitive individuals. However, the studies of Ehlers et al. [6] and Stewart et al. [23] were conducted with adults. Another study was conducted with adolescents, who had been classified as behaviorally inhibited or uninhibited in their 2nd year of life and were therefore supposed to be at risk for the development of anxiety disorders in adulthood [24] . Although the mean color-naming times for the behaviorally inhibited and uninhibited adolescents did not differ, Schwartz et al. [24] found that a greater percentage of extremely long color-naming latencies occurred among threat words in the behaviorally inhibited group compared to the uninhibited group. In contrast, positive words accounted for a greater percentage of extreme values among uninhibited children. Kagan et al. [25] compared 7-year-olds who had been classified as either being high reactive (frequent fretting and crying) or low reactive (infrequent motor activity and infrequent fretting and crying) in infancy. No different patterns of color-naming latencies were found to differentiate anxious from nonanxious or high from low reactive children.
Taken together, the results demonstrated that the attentional bias is already evident in persons identified as being at risk for the development of the disorder and does not appear to be limited to patients with clinically diagnosed panic disorder.
The present study examined the presence of an attentional bias in children of parents with panic disorder who did not exhibit the disorder or panic attacks themselves. We hypothesized that similar to nonclinical panickers such as high-anxiety-sensitive individuals and behaviorally inhibited adolescents, these children would demonstrate the attentional bias when presented with panic-relevant words. To test for specificity in attention bias we compared three categories of words: panic-relevant, spider phobia-relevant, and neutral words. Family studies suggest that specific phobia is a highly familial disorder [26, 27] . Within specific phobias, animal phobia and especially the fear of insects is highly prevalent [28] ; therefore, spider phobia-relevant words were used in this investigation. We predicted that (a) children of individuals with panic disorder would demonstrate a higher interference score with panic-relevant words than with phobiarelevant words and (b) children of individuals with panic disorder would show a higher interference score with panic-relevant stimuli than would children of individuals with animal phobias and children of healthy controls.
Materials and Methods

Participants
Patients with panic disorder of an Anxiety Disorders Outpatient Clinic, with children between the ages of 8-15 years, were asked to participate in this investigation. Parents with animal phobia and healthy control parents with children were recruited via newspaper advertisement, were paid DEM 50 (about USD 30) and were given information about treatment possibilities. The sample consisted of 27 children of parents with panic disorder and agoraphobia (CPAN), 19 children of parents with animal phobias (CPHOB), and 29 children of parents without any psychiatric disorder (CCON). All parents provided informed consent and had obtained the consent of their children to participate. The children received a small, age-appropriate gift for their participation.
Parents
The CPAN and CPHOB groups consisted at least of one parent with the target diagnosis, while in the CCON group neither parent was allowed to have had any history of psychiatric disorder. Furthermore, in the CPAN group, children of parents with panic disorder with a history of animal phobia were excluded from the study. Similarly, in the CPHOB group, children of parents with a history of panic disorder were excluded. The parents in the CPHOB group were a mixed group of individuals with animal phobia such as 53% spider phobia, 27% dog phobia, 13% mouse phobia, and 7% bird phobia. Parents were diagnosed using a structured interview (DIPS) [29] , an adapted German version of the ADIS-IV-L [30] for the assessment of mental disorders according to DSM-IV [31] . The DIPS has demonstrated good validity and reliability for anxiety disorders (kappa = 0.64), for panic disorders (kappa = 0.69) and other axis I disorders [32] . Characteristics of the participating parents are presented in table 1 . Since we included several children of one parent, the number of parents is less than the number of children.
In more than 80% of the cases, the mother was the target parent. The three groups did not differ significantly on this factor (female: CPAN 88%, CPHOB 93%, CCON 83%). The parent groups were comparable with respect to age (F 2, 52 = 0.39, n.s.) and sex [ 2 (2) = 96, n.s.]. The two clinical groups (CPAN and CPOB) differed significantly on severity and duration of target diagnoses (severity: t 22.85 = 3.52, p ! 0.01; duration: t 23 = -4.60, p ! 0.001). Because most animal phobias have their onset in childhood or adolescence, the duration of the disorder was significantly longer in the parents with animal phobia than in the parents with panic disorder. Furthermore, the disorder was rated as significantly less severe in the former than in the latter group. No differences were found in marital status, education or current employment between the three parent samples.
Children
Children were between 8 and 15 years of age. The sample included 41 girls and 34 boys, with a mean age of 11.03 years (SD = 1.83). To investigate children before experiencing any panic attacks, we only included children younger than 16 years. Data indicate that panic attacks are very rare before adolescence [33] . Since the children needed reading abilities, we excluded children younger than 8 years of age. A total of 27 children of 17 parents with panic disorder, 19 children of 15 parents with animal phobia, and 29 children of 23 healthy control parents participated in this study. The groups were matched in age (F 2, 72 = 0.32, n.s.) and comparable in sex [ 2 (2) = 0.23, n.s.].
Children completed the German translation of the trait and state forms of the State-Trait Anxiety Inventory for Children [34, 35] , a panic symptom list for children including a measure of frequency of panic symptoms, a modified version of the panic symptom list for adults developed by Margraf [36] , and ratings of state anxiety and state excitement, on a 5-point scale. We measured excitement because the children in the three groups might differ in the way they labeled arousal. All ratings were based on self-report measurements. Demographic and clinical characteristics of the participants are reported in table 1 . A MANOVA performed on the trait and state forms of the State-Trait Anxiety Inventory for Children and the panic symptom list did not reveal a significant group effect (F 6, 138 = 1.34, n.s.).
To establish whether children met current or past criteria for DSM-IV mental disorders, we conducted separate structured interviews with children and their parents. We used the Kinder-DIPS [37] , which assesses all anxiety disorders of childhood and adolescence, depression, attention deficit hyperactivity disorder, oppositional defiant disorder, enuresis, and encopresis. Previous studies with the Kinder-DIPS indicated that this instrument has a good validity and reliability (kappa = 0.50-0.89) [38] . Children of parents with either animal phobias or panic disorder had significantly more anxiety disorders than the children of the control group. Children of the CPHOB group more frequently reported animal phobia (spider: CPAN = 15%, CPHOB = 32%, CCON = 0%; dog: CPAN = 0%, CPHOB = 5%, CCON = 7%; other animals: CPAN = 7%, CPHOB = 0%, CCON = 0%), whereas children in the CPAN group more frequently reported anxiety disorders other than specific phobias (e.g. separation anxiety disorder, generalized anxiety disorder, social anxiety disorder). These results are reported in detail in Unnewehr et al. [39] .
Stimulus Materials
Three categories of words were used: 12 panic-relevant words, 12 spider-phobia-relevant words, and 12 neutral words (the list can be requested from the authors). As emphasized by Vasey [40] , it was considered to select age-appropriate words. A pilot test was conducted with 46 children (26 girls) to select appropriate words that could be read and understood by children between the ages of 8 and 14. We examined 20 words per category which were derived by translating words used in earlier studies of attentional bias in panic and spider-phobic patients and by searching age-appropriate synonyms of these. The selected words per category were matched for number of letters, syllables, nouns, verbs, and adjectives. The selected panic-relevant and spider-phobia-relevant words reached significantly higher threat ratings compared to the neutral words (panic vs. neutral: t 45 = 15.02, p ! 0.001; phobia vs. neutral: t 45 = 11.58, p ! 0.001), whereas the familiarity of the words from the different categories was comparable.
The selected words were printed on cards in red, blue, black, or green ink (21 ! 30 cm). Each card contained a set of 12 different words. This set of words was repeated 8 times in random order. A card contained 8 columns of 12 words giving a total of 96 words with the restriction that the same color did not occur twice in a row. Kindt et al. [19] found an attentional bias regardless of the format (card format or single-word presentation) used. Furthermore, Waters et al. [41] showed that the card format could better discriminate clinical from nonclinical groups.
Procedure
Each participant was tested individually. After completing questionnaires and the diagnostic interview, the children were asked to name the colors of the ink in which the words were written as quickly as possible while not reading the word. After a practice run with a card containing neutral words, the standard Stroop card (color words) was given. The panic, phobia, and neutral cards were then presented in balanced order. The speed of reading was timed to 0.10 s with a stopwatch. Importantly, the experimenter was blinded to the risk status of the child. Before and after the color-naming tasks, state anxiety and state excitement ratings were collected.
Emotional Stroop Test
To control for age-related reading times in our sample (r = -0.66), we computed interference index scores (i.e. difference scores) as dependent variables. The interference index estimates the extra processing time associated with the emotional content of the experimental words compared with the processing time associated with the neutral words, after controlling for intersubject differences in color-naming speed [42] . Two interference index scores (panic and spider phobia) were calculated for each subject by subtracting the mean latency for the neutral words from the mean latency for the panic and spider phobia words, respectively. Higher positive scores on these interference indices indicate relatively greater degrees of selective processing of panic and spider phobia cues, respectively.
A 2-way repeated-measures ANOVA was performed with one between-subject factor (group: CPAN, CPHOB; CCON), and one repeated-measure factor (interference type: panic, phobia). Significant main effects and interactions were followed by separate one-way ANOVAs and by the post hoc Student-Newman-Keuls test or paired comparisons based on separate variance t tests.
State Anxiety and State Excitement
A 2-way repeated-measures MANOVA with the between-subject factor 'group' (CPAN, CPHOB; CCON) and repeated-measure factor 'time' (before, after) was performed on the subjective measures state anxiety and state excitement. Subsequently, paired comparisons based on separate variance t tests (before vs. after) were computed for state anxiety and state excitement separately.
Subject observations were not completely independent in that more than one child from the same family was tested (2 children per family: CPAN = 6, CPHOB = 2, CCON = 6; 3 children per family: CPAN = 2, CPHOB = 1; CCON = 0). An additional analysis controlled for this factor: only one child per family was randomly selected, and all analyses were repeated with the smaller sample (CPAN = 17, CPHOB = 15, CCON = 23 children). No differences between the two analyses were observed. Therefore, only results for the total sample will be reported.
Results
Emotional Stroop Test
The mean color-naming latencies and the interfering indices are reported in table 2 .
The 3 ! 2 ANOVA performed on the interference index score revealed a marginally significant group ! interference type interaction (F 2, 72 = 3.04, p = 0.054), while To test gender differences in the Stroop task, we conducted separate t tests for each group on interference index scores (panic, phobia) and on reading times for panic, spider phobia, and neutral word cards. In the CPHOB group, boys showed significantly longer reaction times for panic (t 17 = -2.36, p ! 0.05) and phobia cards (t 4.29 = -2.85, p ! 0.05) compared to girls. In the CCON group, boys showed a significantly higher panic interference score compared to girls (t 27 = -3.23, p ! 0.01). Highly significant correlations between age and reading times emerged for all word types (panic: r = -0.68, phobia: r = -0.64, neutral: r = -0.67), whereas no significant correlations were found between age and interference score index (panic: r = 0.17, phobia: r = -0.02).
Anxiety and Excitement Rating
Means, standard deviations, and detailed results of the statistical analyses on these variables are reported in table 3 . A 3 ! 2 MANOVA performed on anxiety rating and excitement rating revealed a significant time effect, but no significant group effect and no significant interaction. Subsequent paired t tests for the whole sample indicated an increase only in excitement rating after baseline (t 75 = -2.94, p ! 0.01).
Exploratory Analyses
To examine whether reactions to the experimental task were influenced by the diagnostic status of the children, additional analyses were performed comparing two groups: children with a primary diagnosis of anxiety disorder (n = 32) and children without a history of any psychiatric diagnoses (n = 40). Since there were only 3 children with a primary diagnosis other than anxiety disorders, we excluded these children from this analysis. A 3 ! 2 ANOVA with the factors group and interference type performed on interference index scores revealed no significant group ! interference type interaction.
To test whether the groups differ in general in interference susceptibility, we analyzed color-naming times for color words. A one-way ANOVA revealed no significant group factor (F 2.71 = 0.72, n.s.). Also the analyses of error rates (mistakes in articulations and color naming) revealed no group differences. 
Discussion
Our results did not confirm the hypothesis that children of panic patients show an attention bias for panicrelevant stimuli. We did not find a higher interference index score with panic-relevant words than phobia-relevant words in children of parents with panic disorder and these children did not show a higher interference score for the panic interference index compared to children of individuals with animal phobia and children of healthy controls. These findings are consistent with the results of Schwartz et al. [24] and Kagan et al. [25] , but in contrast to the findings of the study of Ehlers et al. [6] and Stewart et al. [23] . It should be noted that in this study as well as in the study of Schwartz et al. [24] and Kagan et al. [25] children were investigated whereas the studies of Ehlers et al. [6] and Stewart et al. [23] investigated adults. The question arises whether the inconsistent results between these studies are a consequence of the different ages in the samples. However, investigations by Martin et al. [15, 43] and Vasey [40] indicated that Stroop interference effects can be shown even in children as young as age 4-5, and 6, respectively. However, Kindt et al. [20] found that a bias for spider words is a normal characteristic in children aged 8, and that at the age of 11 cognitive bias starts to differentiate between fearful and nonfearful children. Nevertheless, the results of our study cannot be fully explained as a consequence of the age of the participants.
The group of children of individuals with spider phobia showed a higher interference score with spider phobia-relevant words than with panic-relevant words. But again, we found no group differences for the spider phobia interference index.
Since a substantial number of children of panic patients had anxiety diagnoses and in particular 32% of children of individuals with animal phobia, 15% of children of individuals with panic disorder and 0% of children of healthy controls already had a spider phobia, the question arises whether the interference effect with spider phobia-related words is an expression of the diagnostic status of these children. In an additional analysis, children were grouped according to their own diagnosis. The comparison between children with a primary diagnosis of anxiety disorder and children without a history of any psychiatric diagnoses revealed no significantly different group effects in the Stroop task. However, a strong test of the effect of the spider phobia diagnosis in the children on attentional bias needs to compare the children with spider phobia in the CPHOB group with the children without spider phobia in the CPHOB group. Because of the small number of children with spider phobia (n = 6), we were not able to complete this analysis. However, the means of phobia interference scores of the children with spider phobia was higher than the scores of the children without that diagnosis. Therefore, the observed attention bias towards spider phobia-relevant words may represent an expression of the diagnostic status of the child rather than a possible precursor of anxiety disorder. Moreover, the above-mentioned findings in the children of panic patients seem to be more strongly associated with their parents' symptomatology than with their own diagnostic status.
Interestingly, in another study we compared once again children of individuals with panic disorder, children of individuals with animal phobia, and children of normal controls with respect to their interpretations of ambiguous scenarios, which included three types of stimuli: panic-relevant, animal phobia-relevant, and panic-irrelevant stimuli [44] . The results of this investigation indicated that children of individuals with panic disorder reported interpretation bias with respect to panic-relevant symptoms, but this bias could only be observed after priming with a panic model. Interestingly, these children showed an interpretation bias in the absence of panic attacks.
With the above results in mind, the question arises why no attention bias towards panic-relevant stimuli was found in children of individuals with panic disorder. One explanation could be that, like in the study of Schneider et al. [44] , the children need to be primed. However, this hypothesis needs to be tested in another study. Gotlib et al. [45] investigated children of bipolar patients. After a negative mood induction and the administration of an emotional Stroop test, children of parents with bipolar disorder were found to exhibit an attentional bias towards social-threat-related and manic-irritable words. An explanation offered by Mathews [46] emphasizes that current theoretical models of cognitive biases in anxiety accept that an event must first be appraised as a potential threat before it preferentially attracts attention. Thus, the interpretation of the meaning of an event seems to be primary although attentional processes may subsequently play a role in maintaining the awareness of that meaning. This assumption indicates that in the etiology of panic disorder as well as anxiety disorders, the existence of an interpretation bias could be the first step in the development of such disorders, which will be followed by attention bias. In this case, attention bias can be measured soon after the development of an anxiety disorder or a component of anxiety disorders but not before, whereas interpretation bias can be measured before the anxiety disorder or components of the disorder have been established. The pattern of results of this investigation as well as the results of the study of Schneider et al. [44] support this assumption. We found interpretation bias and no attention bias in children at risk for developing panic disorder, who had never experienced a panic attack.
A relation between spider fear and bias was observed when age was taken into account: bias for spider-related words decreased with age in nonfearful children, whereas this bias remained in the fearful group [19, 20] . However, before generalizing these results, further studies are needed that replicate these findings and clarify the question whether attention bias can be observed after priming. In accordance with these findings, it also has to be considered that it might not primarily be a cognitive process, such as the attentional bias, which causes panic, but a complex emotional process in which cognitive processes may play a secondary role. In summary, the question regarding the origin of the development of panic cannot currently be resolved.
The findings of sex differences are puzzling. So far, no study reported sex differences in the Stroop task. A possible explanation may be the unequally distributed sample size in the CPHOB group.
A limitation of the present study is the composition of the animal phobia group, which includes a variety of animals. However, a strong test of the influence of a spider phobia parent on the Stroop interference effect in their children needs to have a group of parents all of whom suffer from spider phobia. A further limitation of this investigation is the use of a stopwatch to measure the speed of reading.
Negative findings may also reflect problems inherent in the Stroop paradigm and contrasting results can alternatively be attributed to variations in procedural detail [47] . It will be essential to evaluate the psychometric properties of the emotional Stroop task itself. Furthermore, it has to be questioned whether the used panic-relevant words have the same meaning for children and for adults. Words like death or emergency doctor may stimulate different cognitive processes in children than in adults. However, in a pilot study, we could show that children of the same age group rated the panic-relevant words as more threatening than the used neutral words.
Finally, our results need to be replicated, using an emotional Stroop task with a priming manipulation. At present, with the results of this investigation and other Stroop studies in mind, it cannot be concluded whether an attentional bias exists in children at risk for anxiety disorders or whether the Stroop task itself is the correct method of choice in assessing the attentional bias.
